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.. .UKBOUT THE TAIL OF AN AIRPLANE IN¥ A SPIN. "

By N.'F. souddér’and ¥. BU ¥iller,

SUMMARY
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Air flow about the fuselage and empennage during a
high-apgle~of-attgek spin was made vislble in flight by
means of titanium—tetrachloride smoke apd was ‘photographed
with e mot;on-plcture ¢amera.. The angular. ‘relation of the
dlrection ‘of the. smoke streamer to the airpiane axes was
computed and cqmpared with ‘the angular direction of the mo=-
tion 1in space. derived from. instrument measurement of the
spin of the alrplane for a nearly. identical. mass distribu-~
tion. The results showed that the fin and upper part of
the rudder. were almost completely.surrounded by.dead ailr,
which would render Lhem 1n0perat1ve' that the flow around
the lower portion of the rudder and the fuselage was non-
turbulent; and that air flowing past the cockpit in a high-
anele—of-attack spin could not subseguently flow around con-
trol surfaces. :

INTEQDUGTION;;'"

The results of various: measurements of . the attitude
and. motion of an airplane during the spin are nowy avail-
able, and, aided by our general knowledge of flow about
bodies having shapes similar to those presented by the ele-
ments of an airplane while spinning, it is possible to con-
struct a.hypothetical picture of the nature of the flow a-
bout the parts of the airplane. Such & picture is, however,
usually very indefinite in many of its details, and is use—
ful for only the most general deductions. The experiments
to.be described herein were planned to furnish more defi-
nife information on the znature of the flow of the air a-
round the empennage and fuselage of an airplane spinning at
& high angle of atiack. It was believed that the informa-
t1on thus obtained would be of value in studying, the cause
of the ineffectivemess of controls in the spin and in clar-
ifying conflicting ideas on this subject.
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At the outset it was evident that making the air
stream visible so that 1t could be observed and photo-
graphed would be the most suitable method. The results
of previous tests indicated that from a consideration of
ease in handling and visibility attained .a photographic
method employing smoke geperated by titanium tetrachlor-
ide would be satisfactory. In the use of titsnium tetra-
chloride it was necessary, however, to construct a speclal
type of smoke generator’  to' meet the requiremeénts of these
particular tests.

APPARATUS AND METEOD

The smoke-generatling apparatus_consisted of a mixing
tube, & reservoir for the reagent, and a reducing valve
and tubing for using the compréssed air in the engine air-
starting system to force the reagent glowly into the mixing
tube. 'The Vénturi-shaped mixing tube was free to rotate
and align itself with the wind in a2 plane parallel to the
plane of symmetry of the airplane.

The dirplane used for the tests was one ﬁ%&tﬂ had been
used in previous spin tests and found ,to spin normally at
about 550 angle of attack. From such gpins it recovered
normally in. 1 to6 1-1/2 turns.

A spring-driven, solenoid-operated motion-picture cam-
era was used to photograph the smoke streamers. The camera
was mounted at the left tip of the lower wing for some of
the tests and at the center section of the upper wing dur-
ing the remainder of the tests., Because it was not conven-
ient to mount two cameras simultaneously at these points,
two tests were made for each spin condition so that pic-
tures from each point could be secured.

The airplane with the generator ‘and motion-picture
camera mounted on it and details of the ‘generator and cam~
era mountings are shown ~in Figure 1.

The tests were conducted with the smoke generator
mounted in three positions on tne left side of. the fuselage
which wereé as follows: first, gemnerator about nidway be-
twéen the trailing edge of the lower wing and leading edge
of the stabiligzer; second, generator near the: 1eading edge
of the stabilizer so that the smole streamer would be 4i-
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vided and flow over and under the surface; and third,. a-
bout 9 inches aft of the trailing edge of the lower wing.
In each case the boom supporting the generator was clamped
Just beneath the lower longerons and extended out from the

side of the fuselage so that the generator axis was about
12 inches outboard from the side’ of the fuselage.

The angular relation of.the smoke streamer to the axes
of the airplane was determined for the portion of the smoke
streamer directly ghead of the 1leading edge of, the stabil~
izer by measuring the angle of the smoke streamer relative
to a reference in the photograph, and determining the an-
gles .of thé caméera axes relative to the airplane for the
two positions: of the camera. -Thé computations were rigor-
ous in thet they took into account these angular settlngs
of the camera and persnective effects.-

RESULES

Reproductions of .selected :frames:of. the motion-picture
film are shown in Figures:2 36 8. ' Ddsh lines were inked on
the prints at the boundaries of thé smoke gtrearer or smole-
fllled wake behind gairplane elements wherever the sky was
the background in order to avoid losing these outlines in
the printed reproductions. With the exception of thesse
lines, however, no retouching was done.on the photographs,

Computation of the direction 'of the smoke flow was
made only for the first position of the gensrator becamnse
the flow was affected too much by turbulence in the otlher
generator positions. The results for this case expressed
in terms of angle of attack and angle of sideslip referred
to the alrplane axes at the position of the smoke sireamer
are given in the following table. For comparison the table
elso shows the directions of motion in space of the corre-—
sponding point on the smoke streamer derived from the re~
sults of previous tests employing the 1nstrument measure-
ments as described in reference 1.
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. From . . From instrument
smoke streamer . records
Right . |- ©Left| Right Left
spin spin spin spin
Angle of attack o | 58  |.  70%| "57° 670
Angle of sideslip B |. -24° | = 12°| 29° 70

The condifion of the &irvlane wes the same in the in-

strument and smoke tests except for the presence of the

spolkte generator and camera in the latter tests, fand as the
moments of inertla were nearly equivalent, the mofTIon of
the alrplane during the smolle tests cen be consgidered the
gsane a8 that measured with the instruments. The differ-
ences iun the values obtained by the two methods, barring
errors, represent the angular influence of the presence of
the airplane on the direction of-the air flow at the point
megsured,

The sequence of four views taken during the entry into
a left spin (figs. 8a, 8D, 8c, end 84) is interesting in
that it shows several detasils in the transition from low
angle of attack to high angle of atiack in the spin.

DISCUSSION

The most striking demonstration made by these pictures
is the extent of the "blanketing" of the fin and rudder in
tae very high angle~of-attack spin. RBlanketing has long
been reccinizéd as a factor deftermining the efficiency of
the fin and rudder in a spin, and some of these photographs
show the outlines of the zone of dead air surrounding the
fin and upper part of the rudder. They show also that the
flow under the stabilizer and elevator is smooth (a small
straight filanment of smoke under the stabilizer plainly
visible in the photograph for fig. 4b may not be discerai-
ble in the printed reproduction). '
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The existence of a large body of dead air above the
stabilizer and elevator and of smooth flow underneath in-
dicates that the parts of the fin and rudder situated above
the stabilizer must be practically inoperative at very high
anzgles of attack for their intended functions and that what-
ever fin and rudder effect is obtained in the spin is to be
attributed to the air forces acting on the side of the fu-
selage and the portion of the ruwdder below the elevator.
The futility of attempting to increase the fin effect or
rudder control in a high-angle-of-attack spin by enlarge-
ments to the fin or rudder_a'bove the horizontal sur-
faces is demonstrated by these results. . The results like~
wise show the reason for the success of the tests with sta-
bilizer and elevator placed at the top of the fin and rud-
der as described in reference 2.

The results show further that tle:.flow about the fu-
selage is not serieusly turbulent except near the wings
where it is broken up by the presence of the latter. It
may be seen also from these photographs (figs. 2b, 3b, 4D,
5b and especially figs. 6 and 7) that disturbances of air
flow caused by conditions in the vicinity of the cockpit
conld not in any way affect the air forces acting on the
control surfaces. This result is of interest since it has
been proposed that one factor responsible for the few known
spontaneous recoveries from "flat" spins after the pilot
had despaired of recovering by using the controls and had
stood up preparatory to jumping was the deflecting or dis-
turbing by the pilot'!'s body of air flowing past the cock-
pit and subsequently around the control surfaces. The di-
rections of the flow shown by the smoke streamers make such
an hypothesis improbable.

Further use might adveantageously be made of this tech-
nic in studying certain phases of spinning. The expsarience
in these tests demonstrating that moderate precautions a-
gainst the corrosive action of titanium tetrachloride were
sufficient, will eliminate most of the objauction to its wuse
and in some degree accelerate ths work of the tszets. Tests
of a similar nature should be ma2de with an airpiane which
spins at low angles of attack relative to the range of val-
ues at vhich spinning has been observed in order to deter-
ming whethasr serious blanketing of the fin and rudder oc-
curs im such spins, The most profitabls use of the techric,
howvever, would be derived in its use as a grlde in altering
the control surfaces for the purpose of improving tneir
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efficiency. . -Some encouraging results have already been ob-
tained. by altaring empennage designl and undoubtedly more
improvensnt cculd be secured by 8 furtber study of the sudb-
dec.bo‘.' v wil : -

Natibnal.Adviéory Commi#teg_fpr‘Aeronaﬁtica;_
Langley Memorial Aeronautical Laboratory,
Langley. Field, Va., May 3, 1932. °
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Fig.2
Flow
patterns
for right
| spin and
generator
at first
position.

Pig.3
Flow
patterns
t for left
spin and
generator
at first
 position.

4 Fig.4

¥ Flow
 patterns

. for right
_ . 8pin and
----- - i generator
at second
position.

Pig.5
Flow
patterns
for left
spin and
generator
¥ at second
§ position.
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Pig.6 Flow pattern for right spin
and generator at third posltion.
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Fig.8 Flow patterns for entry into left spin with generator at second
position,




